Porcine Kidney Cell Line Persistently Contaminated with Avirulent Swine Fever Virus
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The porcine kidney cell line PK-2 a has been widely used for studies on Japanese B encephalitis virus, which has a consistently severe cytopathic effect on the cells (Inoue & Ogura, 1962) . Whilst attempting to attenuate swine fever virus using this cell line, an avirulent strain of the virus was detected as a contaminant in normal uninoculated cells because it interfered with titration of swine fever virus by the END (exaltation of Newcastle disease virus) method. The END method, which was devised and designated by Kumagai et aL (I96I) , is an in vitro technique for detecting and titrating noncytopathic swine fever virus. The method is based on an enhancing effect of swine fever virus on Newcastle disease virus in swine-testicle-cell cultures. The present report described the evidence for the existence of the contaminant virus in PK-2 a cells.
The porcine kidney cell lines PK-2 a were obtained from four laboratories in Japan. These laboratories were all engaged in virus research in the medical field and had not been using swine fever virus. The cells had been grown in subcultures in a medium of 1o % calf serum, 45 % lactalbumin hydrolysate-Earle's solution and 45 % 199 medium (Inoue & Ogura, 1962) . Since their introduction to our laboratory the cells have been cultivated in a medium consisting of 8 parts of 0"5 ~o lactalbumin hydrolysate in Earle's solution, one part of 2.95 ~/o tryptose phosphate broth and one part of bovine serum tested for freedom from antibodies against the virus of bovine virus diarrhoea. Cross-reactivity between bovine virus diarrhoea virus and swine fever virus has been recorded in neutralization (Kumagai, Ikeda & Shimizu, 1962) and other serological tests (Darbyshire, x 962) . The swine fever virus used in this study was the non-cytopathic ALD strain at the I2th passage level in swine-testicle-cell cultures. The assay procedure for swine fever virus, the END method, which uses swine-testicle cells, was done according to the method described by Kumagai et al. (I96I) . The presence of swine fever virus is detected in this method by its enhancing effect on the cytopathic effect of Newcastle disease virus in primary cultures of swine-testicle cells. Kumagai et aL (1962) reported the production of a strain of reduced virulence for swine by passage of swine fever virus through cultured cells of swine and bovine testicle. In continuing this work to obtain greater attenuation of the virus, PK-2 a cells were used but after a single passage in these cells the virus behaved differently in the END titration. The typical cytopathic effect was observed only at the limiting dilutions in the titration. A similar phenomenon had been noted in the assay of attenuated swine fever virus by the END method and had been ascribed to the spontaneous appearance of a mutant. The parent virus showed the characteristic enhancing effect on the cytopathic effect of Newcastle disease virus in swine testicle cells and named E + (END effect positive). The mutant inducing interference with this effect was designated E-(END effect negative) virus. With a mixture of approximately equal amounts of E + and E-viruses, positive cytopathic effects were obtained only at the limiting dilutions. These data suggested that PK-2 a cells had been contaminated with a virus similar to the E-mutant. When the harvest from PK-2 a cells infected with E + virus was cloned by limiting dilution passages in swine testicle cells, no interference was observed in the normal END titration.
Further evidence for the presence of an E-strain in PK-2 a cells came from the inhibitory effect of culture fluid from uninoculated cells on the END titration of E + virus. Monolayer cultures of swine testicle cells were first inoculated with culture fluid of PK-2a cells. After 3 hr incubation at 37 °, residual fluid was removed and the cultures were challenged with tenfold dilutions of E + virus. On day 4 after inoculation of E + virus the cultures were exposed to Io s p.f.u, of Newcastle disease virus. After 3 days the tests were read. The culture fluid from PK-2a cells induced a complete suppression of the END effect of E + virus but no suppression was observed with culture fluid of control primary swine-kidney cells (Table 2 ). The results with PK-2 a ceils maintained in our laboratory were duplicated with PK-2 a cells from other laboratories. Primary swine-kidney-cell cultures did not contain any such inhibitory substance. When primary swine-kidney-cell cultures were inoculated with the culture fluid from PK-2 a cells and passaged, the inhibitory substance could be detected up to the 5th culture generation. Inhibitory substance was inactivated by u.v. light but not at 56°. It could be filtered through Seitz pads and was destroyed by treatment with 20 % ethyl ether. These properties are similar to those of swine fever virus studied earlier.
Swine-testicle cells treated with inhibitory substance resisted challenge with to TCD 50 (measured in swine-testicle cells) of Newcastle disease virus.
In further experiments, inhibitory substance was titrated by measuring its inhibitory effect on the END phenomenon. Monolayers of swine-testicle cells were inoculated with decimal dilutions of inhibitory substance and 3 hr later challenged with io TCD 5o of swine fever virus. After 4 days' incubation at 37 ° the cultures were infected with Io s p.f.u, of Newcastle disease virus and the tests read 3 days later. Undiluted, or at dilutions of IO -1 to lO -3, inhibitory substance induced a complete or partial suppression of the END effect but no suppression at lO -4 .
To establish the antigenic relationship of inhibitory substance and swine fever virus or bovine virus diarrhoea virus, cross-neutralization titrations were made between those viruses and antiserum to each. Twofold dilutions of antiserum were mixed with equal volumes of 2oo TCD5o of virus and incubated for I hr at 37 ° after which o.I ml. of each mixture was inoculated into 2 tubes containing swine-testiclecell suspension. The titre of inhibitory substance was determined by inhibition of END effect of E + virus. The cultures were incubated at 37 ° for 4 days. The culture fluid was removed and the culture was inoculated with Newcastle disease virus. In the neutralization of inhibitory substance, the culture was washed three times with phosphate buffered saline and inoculated with ioo TCD5o of E + virus instead of Newcastle disease virus. The culture was challenged with Newcastle disease virus after 4 days' incubation. Final readings of serum neutralization antibody titre were made on the 3rd day after challenge inoculation of Newcastle disease virus. Cultures showing cytopathic effect were taken as neutralized in the test for inhibitory substance, or negative in the test for swine fever and bovine virus diarrhoea viruses. Inhibitory substance was neutralized by specific swine-fever antiserum, but not by bovine-virusdiarrhoea-virus antiserum. The swine-fever antiserum showed low titre against bovine virus diarrhoea virus in spite of high titre against inhibitory substance (Table 2) . Antiserum Swine fever Bovine virus diarrhoea * Neutralization titre = reciprical of serum dilution.
Inhibitory substance was therefore indistinguishable from swine fever virus and differed from bovine virus diarrhoea virus. Further indication of the identity of inhibitory substance with the E-strain of swine fever virus was obtained by animal inoculation. Pigs inoculated with the culture fluid of PK-a a cells produced specific antibodies against swine fever virus without clinical signs of the disease. Nine pigs approximately 3 months old were inoculated subcutaneously with 5 ml. of undiluted culture fluid of PK-za cells. These were maintained in isolation, protected from contamination with virulent or avirulent swine fever virus. Blood samples were collected for testing neutralizing antibodies before and 4 weeks after inoculation. Serum neutralization tests were made by the END neutralization test using IOO TCD5o of a standard swine fever virus. The pigs all developed antibodies 4 weeks after inoculation of inhibitory substance and were protected against challenge with virulent swine fever virus.
Inhibition of the END phenomenon by the culture fluid of PK-2 a cells was caused by an avirulent strain of swine fever virus contaminating the cells. Only two strains of swine fever virus have been described as having cytopathic properties (Gillespie, Sheffy & Baker, I96O; Mayr & Mahnel, I964) but since most swine fever virus strains show no cytopathic effect on cultured ceils, failure to detect non-cytopathic virus as contaminants in tissue culture is easily explained. Izawa & Soekawa (1967) described persistent infection of a swine kidney cell line obtained from a swine infected with virulent swine fever virus. This cell line could be subcultured with continuous virus release over a period of many months. The infection persisted even in the presence of specific antisera, implying cell to cell spread of virus perhaps even by division of infected cells.
The calf serum used in laboratories from which we obtained the PK-2 a cells had not been tested for freedom from antibodies against bovine virus diarrhoea virus but, had these antibodies been present, Izawa & Soekawa's work would explain the persistence of infection even in the presence of antibodies. It should be noted that the persistent infection of the PK-2 a cells only results in the production of low-titre virus.
Although the source of contamination of PK-2a cells is not known, the possibility was considered that the contamination with swine fever virus might have occurred before introduction of the cells into Japan. The contaminating virus might have been bovine virus diarrhoea virus derived from bovine serum used in the culture medium but this was ruled out because of the serum neutralization tests and the inoculation experiments in swine. These experiments also ruled out the possibility of the phenomenon being due to contamination with mycoplasmata.
